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ABSTRACT: Spherical zinc sulfide (ZnS) nanoparticles dispersed on bacterial cellulose (BC) nanofibers homogeneously were successfully

fabricated through in situ precipitation method using BC as template and explored the formation mechanism. The structure and proper-

ties were characterized by Fourier transform infrared, X-ray diffractometer, FESEM, and so on. The results demonstrated that the nano-

particles were sphalerite structure ZnS and the size increased with the increase of the zinc precursor concentrations. Moreover, a high

photocatalytic activity (92%) for degradation of methyl orange was observed and the photoluminescence spectra of the nanocomposites

exhibited a blue emission band centered at 468 nm. The flexible BC membrane carried of ZnS nanoparticles might be a promising can-

didate in the application fields of fluorescence and photo-catalysis. VC 2014 Wiley Periodicals, Inc. J. Appl. Polym. Sci. 2014, 131, 40874.
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INTRODUCTION

ZnS quantum dots (QDs) as semiconductor nanocrystals have

attracted enormous research interests in recent years. They were

remarkably different from their bulk materials due to their

unique optical and photochemical properties. Benefit from their

quantum confinement effects and large surface area,1,2 ZnS QDs

have been considered to be the promising candidates in the

application fields such as fluorescence, sensors, photo-catalysis,

and solar cells.3–6 Moreover, compared with other QDs, the low

toxicity makes them suitable for candidates in several biological

applications as bioelectronics, bio-analytics, and bio-diagnos-

tics.7–9 Therefore, the immobilization of the ZnS QDs into a

flexible organic matrix through the hybridization with natural

polymers like cellulose or cellulose derivatives has been investi-

gated during last decades with potential application in security

paper with optical signatures.10–15

BC membranes, obtained through fermentation mainly by the

Acetobacter xylinum, are generated as an ultrafine nano sized

three-dimensional (3D) fibrous network comprised of the

ribbon-shaped nanofibers with diameters of 10–100 nm.16,17

Unlike low-crystalline natural fibers which contains only 55–

65% cellulose, high-crystalline BC composed of pure cellulose

(free of lignin, pectin, and hemi-cellulose) can be synthesized

during the extracellular process, and show excellent mechanical

properties of high tensile strength (>2 GPa).18 In addition, it

possesses unique structures of ultrafine 3D network with a dis-

tinct tunnel and pore structure and properties such as high

water holding capacity and good biocompatibility. Their high

specific surface area with plenty of hydroxyl groups and ether

group serve as the active site for metal ions absorption. Taking

advantage of their unique properties, BC could serve as an

excellent template or matrix for in situ synthesis nanomaterials

with a specific morphology and size.19–22

Herein, we first reported an in situ homogeneous precipitation

for fabricating spherical ZnS nanoparticles template by BC as fol-

lows: first, the zinc precursor penetrated into the inner space of

BC membranes and were absorbed on the active sites, and then

the anchored zinc precursor reacted with the sulfide ions released

from the decomposition of thioacetamide. Finally, the spherical

ZnS nanoparticles generated through in situ crystallization with a

uniform distribution on the BC nanofibers.23,24 The influence of

the zinc precursor concentrations on the morphologies and size

of ZnS nanoparticles were investigated. The possible growth

mechanism for the formation of ZnS nanoparticles on the BC

nanofibers was explored and the properties were discussed.

EXPERIMENTAL

Materials and Characterization

The purified BC membranes were synthesized in our lab. Tioa-

cetamide (TAA) was purchased from Adamas Reagent.
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Analytical zinc acetate dehydrate, acetic acid, sodium hydroxide,

and methyl orange were purchased from Sinopharm Chemical

Reagent. All chemicals were used as received without any fur-

ther treatment. High purity water with resistivity of 18.2 MX
cm was used during the experimental process.

The crystallinity and the phase of the samples were character-

ized on a X-ray diffractometer (XRD) (D/Max-2550 PC, Rigaku,

Japan) with the Cu Ka radiation at a scanning rate of 2�/s rang-

ing from 5� to 60� (2h angle). The Fourier transform infrared

(FTIR) spectra of the samples were recorded on a Nicolet

NEXUS-670 FTIR in the wave number range from 600 to 4000

cm21. The morphologies of the samples were characterized

using S-4800 field emission scanning electron micro scope

(FESEM). Prior to analysis, the freeze-dried samples were cut

into small pieces and coated with gold palladium by cathodic

spreading. Thermal gravimetric was performed with a Netzsch

TG 209 F1 Iris under nitrogen atmosphere at a heating rate of

20�C/min from room temperature to 800�C. The Brunauer–

Emmett–Teller (BET) surface area and pore size distribution of

the samples were measured by nitrogen gas absorption (Micro-

meritics, ASAP 2020 analyzer). Prior to measurements, the sam-

ples were degassed at 110�C for 8 h completely.

Photoluminescence spectra of the samples were characterized by

a JASCO FP-6600 spectrofluorometer. Fluorescence micrographs

of the samples excited by ultraviolet light were obtained by

Olympus BX51 fluorescence microscope. Tensile strengths of the

samples were measured using a WDW 3020 Universal Testing

Machine at room temperature with the crosshead speed of 5

mm/min. The freeze-dried samples were cut into 50 mm in

length, 20 mm in width, and 0.1 mm in thickness prior to the

mechanical measurements.

Preparation of ZnS/BC Nanocomposites

The BC membranes (4 cm 3 5 cm 3 1 cm) were pretreated

with 1 wt % NaOH solution for 3 h and then were washed suf-

ficiently with pure water until neutral. The purified BC mem-

branes were firstly dipped into 0.1, 0.5, 1, 2.5, and 5 wt % zinc

acetate aqueous solution, respectively, with magnetic stirring at

room temperature for 12 h to reach the absorption equilibrium

of the zinc precursor. Second, TAA were mixed into the system

at round-bottomed flasks stirring vigorously, and the system

was acidified (pH 5 2–2.5) with acetic acid to release the sulfide

anions by the decomposition of TAA. The molar ratio of zinc

acetate and TAA was controlled as 1 : 4. Subsequently, the sys-

tem was heated up to 80�C with oil bath for 3 h. Nitrogen was

bubbled through the experiments to prevent ZnS nanoparticles

on BC nanofibers from oxidation. After that, the ZnS/BC nano-

composite membranes were taken out from the reaction solu-

tion and rinsed with pure water several times to remove any

loosely anchored zinc sulfide nanoparticles and residual chemi-

cal reagents. Finally, the nanocompostites were freeze-dried for

the further characterization.

Measurement of Photocatalytic Activity

The photocatalytic activities of the ZnS/BC nanocomposites

were evaluated by the photocatalytic degradation of methyl

orange (MO) solutions.25,26 The measurement procedure can be

described as follows: 2 g freeze-dried ZnS/BC nanocomposites

were cut into small pieces, added into 100 mL of MO solutions

with the concentration of 10 mg/L, and magnetically stirred in

the dark for 1 h to reach the absorption equilibrium of MO

molecules with the catalysts. Then the reaction solutions were

irradiated to UV light at a wavelength of 254 nm. Ten milliliters

of the reaction solution was withdrawn at different irradiation

time intervals for determining the absorption value (At) of the

solution using a UV–vis spectrophotometer (UV-1200, Shanghai

Mapada Instruments). The absorption value (At) of MO at 460

nm was chosen as the monitored parameter (the maximum

absorption wavelength of MO). The degradation efficiency (Dt)

of MO solution was calculated as eq. (1):

Dt ð%Þ5
A02At

A0

3100%; (1)

where A0 and At indicated the absorption value of 10 mg/L MO

solution and the samples at different irradiation time, respec-

tively. The photocatalytic activities of different samples were

evaluated by the variation of Dt with the reaction time (t). For

a further blank experiment to investigate the photocatalytic

activities, the solutions of MO were subjected to another two

experimental conditions: (1) pure BC membranes under expo-

sure to UV light, (2) 1 wt %-ZnS/BC composites in the dark.

RESULTS AND DISCUSSION

Formation of ZnS Nanoparticles on BC

The schematic illustration of ZnS nanoparticles depositing on

BC nanofibers is shown in Figure 1. The in situ crystallization

of ZnS nanoparticles on BC nanofibers can be considered as

two steps as follows: (i) absorption of zinc precursor on BC

nanofibers, (ii) nucleation and growth. First, when BC mem-

branes immersed in the zinc acetate aqueous solution, Zn21

and Zn[CH3COOH]1, the dominant zinc precursor in zinc ace-

tate aqueous solution (pH 5 6.0–6.5), penetrated into the 3D

network of the nanoporous BC membranes. Then the zinc pre-

cursor anchor on the active sites of the BC membranes through

electrostatic interactions between zinc precursor and hydroxyl

groups with lone pair of electrons that can bind zinc precursor

through the electron pair sharing.25 Second, the sulfide anions

generate by the thermal decomposition of TAA under acidic pH

condition.27 When the system of the relative supersaturation

exceeds the critical supersaturation, the nucleus of ZnS form on

the active sites of BC nanofibers immediately and begins to

grow through the in situ crystallization. According to the report

by Robert et al., the size of the synthesized ZnS nanoparticles

depend on the pH of the reaction.24 For pH< 2.5, the Zn21

divalent cations can be fully captured by acetate ligands due to

the strong interaction between Zn21 and acetate ligands result-

ing in the formation of triacetate complexes as the dominant

intermediate species during the in situ crystallization process of

the system and the precipitation kinetics is strongly affected by

the presence of such complexes resulting in the formation of

nanosized ZnS crystals on the absorbed sites. Herein, the reac-

tion of system is conducted at pH 5 2–2.5 to accelerate the

decomposition of TAA. During the in situ homogeneous precip-

itation, the size of the newborn nuclei is mainly influenced by

the temperature. Sulfide ions concentration is the key to control

the growth of the newborn ZnS nucleus during the in situ
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crystallization process due to its low generation rate at low pH

of the system and the slow diffusion rate, which results in the

delay of growth of nucleus.23 Meanwhile, the pH of the system

about (2–2.5) is relatively close to isoelectric point of ZnS,

therefore, the small ZnS crystals have a tendency to diffuse and

deposit on the nucleus absorbed on BC nanofibers.24 The for-

mation and growth of spherical ZnS nanoparticles happen

through collection of small newborn crystals instead of the fast

growth of the nucleus absorbed on BC. BC guarantee the uni-

form distribution of ZnS nanoparticles and prevent the ZnS

nanoparticles from interparticle aggregation on the nanofibers.

Moreover, the rate of sulfide ion generation increases with reac-

tion concentration resulting in the formation of larger ZnS

nanoparticles,27 which is precisely consistent with the XRD and

FESEM analyses.

XRD Analyses

The crystallographic structures of the nanoparticles anchored

on BC membranes were investigated by XRD. The XRD patterns

of the ZnS/BC nanocomposites synthesized at different zinc pre-

cursor concentrations are depicted in Figure 2. The obvious dif-

fraction peaks at 14.6�, 16.7�, and 22.8� in the ZnS/BC

nanocomposites shown in Figure 2(a) are assigned to the crys-

tallographic plane of (10), (110), and (200) reflection of BC.28

The other four major broad peaks at 28.6�, 33.3�, 47.6�, and

56.4� are attributed to the (111), (200), (220), and (311) crystal

planes of sphalerite structure of ZnS, respectively.3 With the ris-

ing of zinc precursor concentrations, the intensity of the diffrac-

tion peaks increases. This is possibly because more amount of

zinc precursor added into the system resulted in the higher

crystallinity degree and larger amount of ZnS nanoparticles.

The estimated crystal size of the ZnS crystallites in (111) crystal

plane of 0.1, 0.5, 1, 2.5, and 5 wt % are 8.9, 11.5, 13.2, 14.1,

and 17.3 nm, respectively.25 As observed, the size of the ZnS

crystallites becomes larger with the increasing zinc precursor

concentrations.

FTIR Analysis

FTIR measurements were conducted to discuss the interactions

between the ZnS nanoparticles and the BC matrix. The charac-

teristic bands at 3410, 2890, 1640, and 1060 cm21 in Figure

3(a) are attributed to the native BC. The strong band at 3410

cm21 arises from the stretching vibrations of hydroxyl groups.

The bands at 2890 and 1640 cm21 are assigned to the CAH

stretching and the HAOAH bending vibrations of the absorbed

water. A strong band at 1060 cm21 originates from the

CAOAC pyranose ring skeletal vibration.25 Figure 3(b) shows

the spectra of the ZnS/BC nanocomposites. We could observe

the peaks at 3410 cm21 corresponding to stretching vibrations

of hydroxyl groups of BC shifted remarkably to lower wave-

numbers (3340 cm21), which proves that the ZnS nanoparticles

anchored on the BC have strong interactions with the hydroxyl

groups of BC nanofibers.16 Moreover, the two peaks at 1426

and 1560 cm21 in Figure 3(b) can be attributed to the

CAOAM bonds.23 The presence of CAOAM bonds in the

FTIR spectra probably originates from the unreacted acetate–Zn

complexes absorbed on the particles, or from the absorption of

acetate on the surface of the ZnS nanoparticles.24

Morphological Analysis

The size and distribution of ZnS nanoparticles are greatly influ-

enced by the reaction conditions during the in situ crystalliza-

tion process in homogeneous solution. Herein, we investigated

Figure 1. Schematic diagram of the formation of ZnS/BC nanocomposite. [Color figure can be viewed in the online issue, which is available at wileyonli-

nelibrary.com.]

Figure 2. XRD patterns of the pure BC membrane (a) and ZnS/BC nano-

composites synthesized at different zinc precursor concentrations: (b) 0.1

wt %, (c) 0.5 wt %, (d) 1 wt %, (e) 2.5 wt %, and (f) 5 wt %.
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the effect of zinc precursor concentrations on the morphologies

of ZnS nanoparticles anchored on BC nanofibers. The morphol-

ogies of the pure BC and the ZnS/BC nanocomposites are

shown in Figure 4. As seen from Figure 4(a), BC nanofibers

with the diameters about 70 nm are randomly arranged to form

the exquisite 3D network. The nonporous structures of BC

membranes performed as the nanoreactor for in situ crystalliza-

tion, which provides a great deal of tunnels for the absorption

of zinc precursor and resulted in the homogeneous distribution

of zinc precursor on BC nanofibers. Figure 4(b–f) shows the

FESEM images of the ZnS nanoparticles synthesized template

by BC under different zinc precursor concentrations from 0.1 to

5 wt %. The zinc precursor concentrations have the significant

impact on the determination about the size and distribution of

ZnS nanoparticle. When the zinc precursor concentrations range

from 0.1 to 1 wt %, the average diameters of the nanoparticles

on BC are approximately 30, 50, and 100 nm, respectively. And

Figure 3. The FTIR spectra of the pure BC (a) and ZnS/BC nanocompo-

site (1 wt %) (b).

Figure 4. FESEM images of the pure BC membrane (a) and ZnS/BC nanocomposites synthesized at different zinc precursor concentrations: (b) 0.1 wt

%, (c) 0.5 wt %, (d) 1 wt %, (e) 2.5 wt %, and (f) 5 wt %.
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it is clearly observed that the quantity of the particles increased

with the concentrations. It can be explained that a larger

amount of zinc precursor anchor on active sites on BC nanofib-

ers, and form more ZnS nucleus during the in situ crystalliza-

tion resulting in more uniform spherical ZnS nanoparticles

discretely onto the BC nanofibers with the increasing zinc pre-

cursor concentration. However, when the zinc precursor con-

centrations increase to 2.5–5 wt %, the unstable ZnS

nanoparticles along the BC nanofibers have a tendency to

agglomerate with each other forming the irregular aggregates.

The average diameters of the nanoparticles grow to about 150–

200 nm. Furthermore, compared the estimated average grain

size of ZnS nanoparticles with that from XRD analysis, we can

clearly find out that the average grain size of ZnS nanoparticles

is much smaller than those from the FESEM. That is because

the spherical ZnS nanoparticles observed from FESEM exist as

polycrystalline structures comprised of many small ZnS single

crystals.

BET and Porosity Characterization

BET gas sorptometry measurements were conducted to examine

the porous structures of the pure BC and ZnS/BC nanocompo-

site (1 wt %). The Barret–Joyner–Halenda (BJH) pore size dis-

tribution and the nitrogen absorption–desorption isotherms of

the freeze-dried pure BC and ZnS/BC nanocomposite are pre-

sented in Figure 5. It is observed from Figure 5 that pure BC

and ZnS/BC nanocomposite are basically mesoporous with a

wide pore size distribution predominantly less than 95 nm.

Another pore-size distribution around 10 nm (about 8.5 nm)

indicates a number of pores presumably arising from the spaces

within the ZnS nanoparticles on BC nanofibers, which certifies

the nanoporous structure of ZnS nanoparticles generated from

the agglomeration of small crystallites. The inset of Figure 5

shows the much higher absorbed nitrogen quantity of the nano-

composite compared with that of the pure BC membranes. And

a larger hysteresis loop with the loading of nanoporous struc-

ture of ZnS nanoparticles could be observed due to the capillary

condensation effect at relative pressure (P/P0) from 0.4 to 1.0,

which indicates an increase in the surface area and the total

pore volume.25 BET-specific surface areas of the pure BC and

ZnS/BC nanocomposite are measured to be 48.1 and 90.8 m2/g,

respectively.

Mechanical Properties

The mechanical properties of ZnS/BC nanocomposites were

investigated by the tensile test. The tensile stress–strain behav-

iors of the pure BC membranes and ZnS/BC nanocomposites

synthesized at different zinc precursor concentrations are

depicted in Figure 6 and the tensile strength, elongation, and

Young’s modulus of nanocomposites calculated according to the

stress–strain curves are listed in Table I. It can be found that

the Young’s modulus and tensile strength of ZnS/BC nanocom-

posites are lower than the values of Young’s modulus (635.2

MPa) and tensile strength (34.6 MPa) of the pure BC due to

the loading of nanoparticle. The nanoparticles diminish the

strong intramolecular and intermolecular hydrogen bond of BC

matrix and led to the stress concentration points owing to the

internal cracks of the nanoparticles.29 All these factors result in

the reduction on the mechanical properties of the ZnS/BC

nanocomposites. Meanwhile, the Young’s modulus and tensile

strength of ZnS/BC nanocomposites decrease with the rising the

zinc precursor concentrations. It is possible that the agglomera-

tion and fragility of ZnS nanoparticles with the increasing in

Figure 5. The BJH pore size distribution of freeze-dried pure BC and

ZnS/BC nanocomposite (1 wt %). Inset shows the nitrogen absorption-

desorption isotherms of the freeze-dried pure BC and ZnS/BC nanocom-

posite (1 wt %). [Color figure can be viewed in the online issue, which is

available at wileyonlinelibrary.com.]

Figure 6. Tensile stress–strain behaviors of the pure BC membrane (a)

and ZnS/BC nanocomposites synthesized at different concentrations of

zinc precursor: (b) 0.1 wt %, (c) 0.5 wt %, (d) 1 wt %, (e) 2.5 wt %, and

(f) 5 wt %.

Table I. Tensile Strength, Elongation, and Young’s Modulus of Nanocom-

posites Determined from Strain–Stress Curves

Sample Strain (%) Stress (MPa)
Young’s
modulus (MPa)

BC 5.45 34.62 635.23

0.1 5.72 30.73 537.24

0.5 6.15 25.47 414.15

1 6.07 23.73 390.94

2.5 6.06 20.16 332.67

6 6.14 17.62 286.97
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the content of the ZnS nanoparticles may result in the decrease

of the Young’s modulus and tensile strength.

Thermal Properties

The thermal stability of ZnS/BC nanocomposites were studied

by TG measurements. TG curves conducted from room temper-

ature to 800�C of the pure BC and ZnS/BC nanocomposites

synthesized at different zinc precursor concentrations are shown

in Figure 7. The curve of the pure BC exhibits three significant

weight loss platforms. The first weight loss from room tempera-

ture to 300�C is due to the dehydration process, in which the

absorbed and hydrogen bonded water molecules can be

removed absolutely at this stage. The sharp weight loss at the

second platform (300–400�C) is caused by the pyrolysis of BC,

in which destruction of the crystalline regions of BC and the

decomposition of amorphous BC into monomer of D-glucopyr-

anose occur. The weight loss at the third platform (400–600�C)

can be attributed to the decarboxylation and decarboxylation

reactions forming carbon monoxide and carbon dioxide.30 The

TG curves of ZnS/BC nanocomposites are almost similar to that

of pure BC membranes. However, the thermal stability of ZnS/

BC nanocomposites deteriorate due to the inclusion of the ZnS

nanoparticles into BC matrix, which suggests the existence of

the strong interaction between BC membranes and ZnS nano-

particles. The residues of the samples at 800�C are listed in Fig-

ure 7 and compared with BC membranes, the difference in

residues between the pure BC and nanocomposites could be

considered the loading content of ZnS nanoparticles anchored

on BC. The corresponding content of ZnS nanoparticles on the

nanocomposites is obtained about 1.0, 10.1, 14.4, 19.6, and 29.7

wt % for ZnS/BC nanocomposites synthesized with the zinc

precursor concentrations at 0.1, 0.5, 1, 2.5, and 5 wt %,

respectively.25

Photocatalytic Properties

ZnS nanomaterials as the semiconductor photocatalyst are

widely used for the photocatalytic degradation of organic pollu-

tants such as dyes, p-nitrophenol, and halogenated benzene

derivatives in wastewater treatment.5 However, insoluble nano-

materials suspended in the organic solvent incline to aggregate

due to the high surface energy in practical application, which

will weaken the photocatalytic activities. Otherwise, the separa-

tion and recovery of the catalyst require extra costs and inevita-

bly lead to the loss of the catalyst causing secondary pollution.

Therefore, template immobilization of nanomaterial technology

provides an effective way of suspended catalyst separation and

recovery. Meanwhile, the template also could maintain disper-

sion of nanomaterial to improve the stability of photocatalytic

activities. In this article, BC serve as organic template to immo-

bilize ZnS nanoparticles through strong interaction between the

hydroxyl groups along BC nanofibers and ZnS nanoparticles. To

demonstrate the potential application of the resultant ZnS/BC

nanocomposites in this field, the photocatalytic activities of the

ZnS/BC nanocomposites were evaluated by the photocatalytic

degradation of MO solutions. It is observed that the photocata-

lytic efficiency of the pure BC membranes under exposure to

UV light is almost the same as that of ZnS/BC nanocomposites

(1 wt %) without exposure to UV light, where a slight decrease

in the concentration of MO can be detected caused by the

absorption on the porous nanostructures of the pure BC and

ZnS/BC nanocomposites. ZnS nanomaterials display the photo-

catalytic activity only under high-energy light radiation due to

the direct wide band-gap energy (3.66 eV). It is clearly that

ZnS/BC (1 wt %) nanocomposites under UV light display a

higher photocatalytic activity with a maximum degradation effi-

ciency of 92% at 120 min, and an obvious degradation of MO

solutions can be seen from inset picture in Figure 8. The main

reason can be attributed to the different specific surface areas

and the content of ZnS nanoparticles anchored on BC matrix.

The loading content of the ZnS nanoparticles on BC increase

with the zinc precursor concentrations from 0.1 to 1 wt %

(according to the TG curve in Figure 7 and FESEM images in

Figure 4), which indicated a growth on the composited amount

of uniform spherical ZnS nanoparticles with similar particle size

discretely on the BC membranes. However, when the zinc pre-

cursor concentrations reached to 2.5–5 wt %, the agglomeration

of ZnS nanoparticles occurred forming the irregular particles,

which led to the decrease in the photocatalyst efficiency.

Photoluminescence Properties

Figure 9 shows the photoluminescence (PL) spectra of the pure

BC (a) and ZnS/BC nanocomposites at room temperature with

an excitation wavelength at 320 nm. As seen in Figure 9, all

Figure 7. TG curves of the pure BC (a) and ZnS/BC nanocomposites syn-

thesized at different zinc precursor concentrations: (b) 0.1 wt %, (c) 0.5

wt %, (d) 1 wt %, (e) 2.5 wt %, and (f) 5 wt %.

Figure 8. Photodegradation of MO (10 mg/L) under different conditions.

[Color figure can be viewed in the online issue, which is available at

wileyonlinelibrary.com.]

ARTICLE WILEYONLINELIBRARY.COM/APP

WWW.MATERIALSVIEWS.COM J. APPL. POLYM. SCI. 2014, DOI: 10.1002/APP.4087440874 (6 of 8)

http://wileyonlinelibrary.com
http://onlinelibrary.wiley.com/
http://www.materialsviews.com/


ZnS/BC nanocomposites under UV light excitation display the

bimodal distribution with peaks at around 424 nm and 468 nm

resulted from the typical defect state. The weak broad peak at

424 nm and a dominant intense blue emission band at 468 nm

can be attributed to the emissions due to sulfur vacancies and

zinc interstitial defects, respectively.31,32 A blue-shift about 17 nm

to the shorter wavelength emission peaks was observed compared

with the bulk ZnS material (the emission of zinc interstitial

defects is 485 nm). As been exhibited in PL spectrum, the ZnS/

BC nanocomposites (1 wt %) have a stronger PL intensity com-

pared with other nanocomposites synthesized at different concen-

trations. That is probably because the amount of ZnS

nanoparticles (1 wt %) is more than the rest of the samples

resulting in the strongest PL emission. This result is well consist-

ent with the morphological analysis. Moreover, an intense blue

photoluminescence from the ZnS/BC nanocomposites can be

clearly observed with the excitation of ultraviolet light (330–385

nm) from inset in Figure 9, which indicated the promising appli-

cation of ZnS/BC nanocomposites in fluorescence materials.

CONCLUSION

The uniform spherical ZnS nanoparticles were successfully fabri-

cated by in situ homogeneous precipitation using BC as tem-

plates. We can obtain different size and distribution of ZnS

nanoparticles by changing the zinc precursor concentrations. A

high photocatalytic activity of ZnS/BC nanocomposites (1 wt

%) with a maximum degradation efficiency (92%) of MO can

be observed. The resultant ZnS/BC nanocomposites exhibited

an intense blue photoluminescence at 468 nm with ultraviolet

excitation (320 nm). The ZnS/BC nanocomposites integrating

the excellent properties of BC and ZnS have potential applica-

tion in fluorescence and photo catalysis materials.
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